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Abstract
Polyneuropathy, organomegaly, endocrinopathy, M-protein, and skin changes (POEMS) syndrome is a rare and
complicated disease, the diagnosis of which is difﬁcult. We analyzed clinical characteristics of 9 patients with
this disorder. Some clinical characteristics, including chronic inﬂammatory demyelinating polyneuropathy,
low-level monoclonal plasma proliferation, and distinctive osteosclerotic lesions, can be used for differential
diagnosis.
Background: POEMS syndrome, a rare paraneoplastic disease, is related to multiple organs, multiple systems, and
multiple disciplines and can be mistaken for other disorders. Consequently, the diagnoses are often delayed. In this
work we studied the clinicopathologic characteristics of the POEMS syndrome to improve early diagnosis to prevent
irreversible damage. Patients and Methods: We conducted a clinicopathologic analysis of 9 cases of POEMS and
made a differential diagnosis with related diseases. Results: The patients with POEMS syndrome were shown to have
complicated clinical characteristics, including peripheral neuropathy, organomegaly, endocrinopathy, monoclonal
plasma proliferative disorder, skin changes, extravascular volume overload, sclerotic bone lesions, thrombocytosis,
and Castleman disease. POEMS syndrome shared many elements with other diseases and the key way to differentiate
them was to determine whether there were other fundamental POEMS syndrome symptoms or signs. The level of
M-protein in serum and plasma cells in bone marrow of POEMS patients was lower than that of patients with multiple
myeloma (MM). Sclerotic bone lesions were a distinctive feature in patients with POEMS, compared with in those with
MM. Conclusion: Some unique clinicopathologic characteristics of POEMS syndrome can be used for differential
diagnosis. This study provides increased awareness of POEMS syndrome.
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Sclerotic bone lesionsIntroduction
Polyneuropathy, organomegaly, endocrinopathy, M-protein, and
skin changes (POEMS) syndrome, also referred to as osteosclerotic
myeloma, Crow-Fukase syndrome, or Takatsuki syndrome,1,2 is a*This is an open access article under the CC BY-NC-ND license (http://
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http://dx.doi.org/10.1016/j.clml.2014.04.017rare paraneoplastic disorder associated with an underlying plasma
cell dyscrasia. The classical deﬁnition of the acronym, POEMS
syndrome, includes the following 5 characteristic features: poly-
neuropathy, organomegaly, endocrinopathy, M-protein, and skin
changes. Because symptoms of POEMS syndrome are related to
multiple organs, multiple systems, and multiple disciplines, misdi-
agnosis is common.3 Accurate diagnosis as early as possible is
sometimes a challenge for physicians. Recognition of this disease is
the ﬁrst step in effectively managing the disease; therefore, in this
study we analyzed the clinical features of POEMS syndrome.
Because of the loss to follow-up, therapy and survival were not
included in the current report.Patients and Methods
Nine patients (8 men and 1 woman) with newly diagnosed
POEMS syndrome were enrolled in the current study afterClinical Lymphoma, Myeloma & Leukemia January 2015 - e15
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e16 -informed consent was obtained between 2003 and 2011. All of the
patients met both major criteria and 1 minor criterion for the
diagnosis of POEMS syndrome.4 In brief, the diagnostic criteria in
2003 included 2 major criteria (polyneuropathy and monoclonal
plasma proliferation) and 7 minor criteria (sclerotic bone lesions,
Castleman disease [CD], organomegaly, extravascular volume
overload, endocrinopathy, skin changes, and papilledema). We
analyzed the available data, including histories, clinical symptoms,
physical examinations, laboratory tests, imaging examinations, and
diagnostic processes and made a differential diagnosis with related
diseases. Nine cases of deﬁnite diagnosed multiple myeloma (MM)
with l light chain were selected to be compared with POEMS
syndrome.
Results
The mean age of patients with POEMS was 49.5  11.7 years,
younger than that of patients with MM (65.5  12.0 years;
P < .05). The time from onset of symptoms to diagnosis was 2 to
24 months. The 9 patients were in hospitals in different de-
partments, including departments of neurology, dermatology,
cardiology, urology, hematology and osteology because of varied
initial symptoms. The characteristics of all patients are shown in
Table 1.
Peripheral Neuropathy
Peripheral neuropathy was the most common and earliest
chief complaint. The symptoms began at the end of the extremities,
including numbness, hypoalgesia, and tingling hyperalgesia. Muscle
weakness was more representative than sensory loss and was a
complaint of almost all of the patients; however, muscle weakness and
sensory loss were easily neglected by physicians at the ﬁrst visit
because of the high prevalence and nonspeciﬁcity. The physical ex-
amination showed decreased muscle strength and tendon reﬂexes.
Motor involvement followed the sensory symptoms; both were distal,
symmetric, and progressive with a gradual proximal spread. Cere-
brospinal ﬂuid protein levels were increased in all of the 3 patients
who underwent lumbar punctures. Six of 9 patients had electro-
myographic examinations, and all showed similar changes of chronic
inﬂammatory demyelinating polyneuropathy (CIDP) with decreased
nerve conduction and prolonged distal latencies. The neurogenic
damage in POEMS was chronic and gradually aggravated instead of
acute and self-limited, in contrast to Guillain-Barré syndrome.
Organomegaly
Eight of 9 patients had organomegaly, including splenomegaly,
hepatomegaly, or lymphadenopathy. Patient 8 had massive lymph-
adenopathy and lymph node biopsy showed hyaline vascular type of
CD (Figure 1A). Because of the difﬁculty in obtaining tissue, lymph
node biopsies could not be obtained in the other 3 patients.
Endocrinopathy
Endocrine abnormalities are a deﬁning feature of POEMS
syndrome. All 7 patients who underwent a thorough endocrine
evaluation, had at least 1 endocrine abnormality. Seven of 8
male patients had erectile dysfunction. In 4 men with signiﬁ-
cantly increased prolactin levels, all had gynecomastia. The only
female patient had irregular menses. In 5 patients withClinical Lymphoma, Myeloma & Leukemia January 2015hypothyroidism, only 2 required treatment and another 3 with a
mild increase in the thyroid stimulating hormone displayed
subclinical traits.
Monoclonal Plasma Proliferative Disorder
M-Protein. Almost all of the M-proteins were l type, conﬁrmed
using immunoﬁxation electrophoresis, although tests were negative
using serum protein electrophoresis. The mean value of l light
chains was 6.33  5.15 g/L (normal value ranges from 0.81 to
1.92 g/L), which was obviously less than that in patients with MM
(33.07  37.63 g/L; P < .05). Immunoﬁxation electrophoresis also
showed increased heavy chains, most of which were immunoglob-
ulin (Ig)A type except 1 IgG type.
Bone Marrow Smear or Biopsy. In all 9 patients, 8 patients received
bonemarrow aspirate smears and 2 underwent bonemarrow biopsies.
Only 3 patients had 0.5% to 6% plasma cells (Figure 1B), less than
that in the patients with MM (44  18%; P < .05). The histologic
patterns of plasma cell rimming around lymphoid aggregates were not
be found in bone marrow biopsies from the 2 patients.
Skin Changes
Eight of the 9 patients with POEMS had skin changes. The most
common abnormality was hyperpigmentation (Figure 2), followed
by thickening, acrocyanosis, and plethora (Figure 3).
Extravascular Volume Overload
All of the patients with POEMS had some form of extravascular
volume overload, including peripheral edema, pleural effusions
(Figure 4A), hydropericardium, and ascites. Two patients under-
went examinations of the ocular fundus and 1 patient had papil-
ledema. In all patients with POEMS except for patients 2, 4, and 7,
the serum albumin levels were normal, which distinguished
POEMS syndrome from renal or hepatic edema. When patients 2,
4, and 7 developed hepatic cirrhosis or renal dysfunction, their al-
bumin levels decreased.
Sclerotic Bone Lesions
All of the patients with POEMS underwent a bone survey of
radiography and/or computerized tomography (CT) scan. Five pa-
tients had at least 1 abnormality. Patient 1 had a multitude of
osteosclerotic lesions in the thoracic and lumbar vertebrae
(Figure 4B). Patients 5 and 8 had diffuse sclerotic bone lesions; the
extent of sclerotic lesions in patient 5 was seldom seen in previous
clinic reports (Figure 5). Positron emission tomography (PET)/CT
scans showed that the sites of osteosclerotic lesions had normal
ﬂuorine-18 ﬂuorodeoxyglucose (FDG) uptake. Using radiographic
localization, a bone tissue biopsy was taken from the sclerotic bone
site of a patient and the biopsy showed slightly increased plasma-
cytes. Patient died from cerebral infarction half a year after diagnosis
although chemotherapy was administered, and the other 8 patients
were alive for at least 2 years between 2003 and 2011. All of these
patients with osteosclerotic lesions had no bone pain. Patient 2 had
lytic bone lesions in the ribs (Figure 4A) where he had a consistent
pain. In comparison, all patients with MM had osteolysis (Figures 6
and 7) and/or osteoporosis with some degree of consistent bone
pain and pathologic bone fractures.
Table 1 Detailed Clinical Manifestations of Patients With POEMS
Characteristic
Patient
1 2 3 4 5 6 7 8 9
Sex/Age, Years M/64 M/32 M/50 M/61 F/47 M/58 M/31 M/54 M/49
Polyradiculoneuropathy
Numbness/hypoalgesia þ þ þ þ þþ þ þ þ þ
Electromyography ? þ þ ? þ þ ? þ þ
CSF (5-61 mg/L) 943 ? 626 ? [[ ? ? ? ?
Organomegaly
Splenomegaly þ þa þwþþþb þ þ þ þ þ
Hepatomegaly  þa þwþþþb þ    
Lymphadenopathy    þ  þ þþþc þ
Endocrinopathy
ACTH (12.0-78.0 pg/mL) ? N N ? ? N 138.6 ? ?
PRL (4.5-12.6 ng/mL) ? ? 47.36 ? ? 120.6 23.45 ? 28.76
T (2.6-12.5 ng/mL) ? 0.17 ? ? ? 1.99 0.16 ? 1.55
FT3 (2.62-6.49 pmol/L) ? 1.54 N ? 2.46 N 1.54 1.79 N
FT4 (9.01-19.04 pmol/L) ? 7.72 N ? N N 8.31 9.01 N
TSH (0.35-4.94 m/mL) ? 10.64 7.95 ? 6.374 N 5.098 12.89 N
Monoclonal Plasma Cell
Proliferation
Increased heavy chain IgA IgA IgG IgA IgA IgA  IgA IgA
Increased light chain l l l  l l l l l
Plasma cells in BM (%)   0.5-1  1 2.5-6  ? 
Skin Change þ þ þ  þ þ þ þ þ
Extravascular Volume Overload
Edema  þ þ  þ þ þ þþ 
Pleural effusion þ þ þ þwþþb  þ þþ þþ þ
Pericardial effusion þ þ   þ þþ þþþd þ þ
Ascites  þþ  wþþb  þ þ þþþ 
Papilledema ?  þ ? ? ? ? ? ?
Sclerotic Bone Lesions þþ    þþþ þ  þþ 
WBC (3109/L) 7.7 4.1 5.2 4.7 13.1 8.7 8.8 9.81 7.7
Hb (g/dL) 13.9 8.5 12.9 9.7 15 10.5 9.7 10.7 12.3
PLT (3109/L) 342 227 349 133 560 155 398 343 253
Cr (53-115 mmol/L) N N N 201 N N 259 151 N
BUN (2.5-7.1 mmol/L) N 8.2 N 18.5 N N N 13.3 N
Proteinuria (24-150 mg per
24 hours)
? 533 320 1240 N N N 682 N
Albumin (32-55 g/L) 32 25 35 27 35 35 30 36 35
Others a b,e f f d c
Abbreviations: ?¼ not tested;¼ negative;þ¼ positive;þþ¼ strong positive;þþþ¼ very strong positive;[[¼ increased; ACTH¼ adrenocorticotropic hormone; BM¼ bone marrow; BUN¼
blood urea nitrogen; Cr¼ creatinine; CSF¼ cerebrospinal ﬂuid; F¼ female; FT3¼ free triiodothyronine; FT4¼ free tetraiodothyronine; Hb¼ hemoglobin; HBV¼ hepatitis B virus; M¼male; N¼ normal;
PLT¼ platelets; POEMS¼ polyneuropathy, organomegaly, endocrinopathy, M-protein and skin changes; PRL¼ prolactin; T¼ testosterone; TSH¼ thyroid stimulating hormone; WBC¼ white blood cell.
aHad HBV-related hepatic cirrhosis.
bWhen this patient developed nephritic syndrome, the hepatosplenomegaly, hydrothorax, and ascites progressed.
cUnderwent a lymph node biopsy which showed Castleman disease.
dDeveloped renal dysfunction.
eWas initially admitted into the department of urology with a history of edema, oliguria, and increased Cr, and at last died from gastric antrum adenocarcinoma.
fHad an accompanying cerebral infarction.
Xiaofeng Shi et alOther Features
Five of 9 patients with POEMS had thrombocytosis and 1 had
polycythemia. Three patients had anemia, including 1 patient with
hepatitis B virus-related hepatic cirrhosis and 2 patients with renaldysfunction. Bone marrow aspirate smears showed megakaryocytic
hyperplasia in patients 1, 4, 5, and 7 (Figure 1C). Three of 9 pa-
tients had increased serum creatinine levels. Four of 9 patients had
increased proteinuria, and among them, 3 had proteinuria exceedingClinical Lymphoma, Myeloma & Leukemia January 2015 - e17
Figure 1 Lymph Node Biopsy Showing Hyaline Vascular Type
of Castleman Disease (A) in Patient 8 (Hematoxylin
and Eosin Stain, Magniﬁcation 3200). (B) Bone
Marrow Aspirate Smear Showing Increased Plasma
Cells in Patient 6 (Wright’s, Magniﬁcation 31000),
and (C) Megakaryocyte Clusters in Patient 7
(Wright’s, Magniﬁcation 3400)
Figure 2 Hand of Patient 6 Showing Hyperpigmentation
Figure 3 Hand of Patient 5 Showing Acrocyanosis
Clinical Features of POEMS Syndrome
e18 -0.5 g per 24 hours. Other accompanying nonspeciﬁc symptoms,
such as fatigue, weakness, fever, sweats, and weight loss were
common.
Discussion
The patients with POEMS syndrome were younger than those
with MM. Misdiagnosis was common and the diagnosis wasClinical Lymphoma, Myeloma & Leukemia January 2015delayed. Physicians whom the patients ﬁrst visited specializing in
different disciplines often paid more attention to their own disci-
pline and neglected others, thus, in this study the appropriate lab-
oratory tests were not ordered in some patients. The most common
misdiagnosed disease was MM and other diseases included multi-
focal CD, metastatic carcinoma, congestive heart failure, CIDP,
Guillain-Barré Syndrome, hypothyroidism, benign bone islands,
hepatic cirrhosis, and chronic renal dysfunction. Moreover, there
was 1 patient with multifocal CD who had lymphadenopathy,
organomegaly, extravascular volume overload, skin changes, and
other accompanying symptoms, such as weight loss, fatigue, and
fever, misdiagnosed with POEMS syndrome. Of note, the so-called
skin changes included erythra at the beginning of pathogenesis and
pigmentation developed after scratching. The most important dif-
ferential diagnosis was that both k and l light chains were
increased5 in the urine and there was no polyradiculoneuropathy.
Thus, recognition of the complexity of a combination of different
symptoms is the ﬁrst step in effectively managing the POEMS
Figure 4 Computerized Tomography Image Showing Pleural Effusion and Lytic Bone Lesions in the Ribs of Patient 2 (A; Arrows), and
a Multitude of Osteosclerotic Lesions in the Thoracic Vertebrae of Patient 1 (B; Arrows)
Figure 5 X-Ray Showing Diffuse Osteosclerotic Lesions in
Patient 5 (Arrows). The Frame in the Top Left of the
Picture Is the Place of Radiographic Localization
Where the Bone Tissue was Drawn for Biopsy
Xiaofeng Shi et alsyndrome. Patients must be diagnosed as early as possible to avoid
the cumulative morbidity and as accurately as possible to avoid
being misdiagnosed with another disease. The purpose of the cur-
rent study was to provide increased awareness of POEMS
syndrome.
The etiology for POEMS syndrome is obscure and complex,
although an increase in plasma and serum levels of vascular endo-
thelial growth factor (VEGF) is usually dominant.6-8 VEGF nor-
mally targets endothelial cells and induces a rapid and reversible
increase in vascular permeability, thus inducing endoneurial
edema.9 The new diagnostic criteria published in 201110,11 had
added an increased VEGF level compared with that published in
2003.4 We could have tested the level of VEGF for a deﬁnite
diagnosis, but it was difﬁcult for us to obtain this test under pre-
vious technological conditions. In cases in which VEGF testing is
not available, the best way to distinguish POEMS syndrome from
other diseases is to determine whether there are other unique
symptoms or signs.
Peripheral neuropathy is 1 of the obligatory major criteria of
POEMS syndrome and also dominating initial symptom. The dif-
ference between a POEMS syndrome-caused neuropathy and
Guillain-Barré syndromeecaused one lies in whether the disease
process is chronic aggravated.
Increased monoclonal immunoglobulin is one of the mandatory
major criteria of POEMS syndrome. When clonal immunoglobulin
is detected, it is usually IgG or IgA and almost always the mono-
clonal l type.1,4,10 In the current study, almost all of the clonal
immunoglobulins were l light chain types, the levels of which were
typically less than those in MM. These l light chains might be
missed on serum protein electrophoresis, but were tested positive onmore sensitive immunoﬁxation electrophoresis. Thus, if a patient
who has typical symptoms of POEMS syndrome is not tested for
M-protein using serum protein electrophoresis, the patient should
undergo immunoﬁxation electrophoresis. Plasma cells in the bone
marrow of patients with POEMS are fewer in number than in those
with MM. A report from China showed the median plasma cell
count in bone marrow smears is 2% and only 2% of patients had
plasma cells > 10%.3 Dao et al12 reported that bone marrow bi-
opsies of patients with POEMS syndrome demonstrated histologic
features of l-restricted monoclonal plasma cell rimming aroundClinical Lymphoma, Myeloma & Leukemia January 2015 - e19
Figure 6 X-Ray Showing Multiple Focal Osteolytic Lesions
(Arrows) in the Lateral Skull of a Patient With
Multiple Myeloma
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e20 -lymphoid aggregates. However, in available bone marrow biopsies
from 2 patients, this histologic change was not found, despite the
ﬁndings of plasmacytes surrounding the macrophage (Figure 1B) in
a bone marrow aspirate smear from another patient. Only 1 patient
(patient 8) received lymph node biopsy which demonstrated aFigure 7 X-Ray Showing Multiple Focal Osteolytic Lesions
(Arrows) in the Humeral Head of a Patient With
Multiple Myeloma
Clinical Lymphoma, Myeloma & Leukemia January 2015hyaline vascular type of CD (Figure 1A). Although its histology also
showed lymphoid aggregate with a regressed germinal center
described by Dao et al,12 unfortunately, immunohistochemisty of l
and k light chain was not performed in this patient. Whether there
were monotypic l-restricted plasma cells rimming lymphocytes can
not be conﬁrmed.
The common skin changes in patients with POEMS are
comprised of hyperpigmentation, rubor and ﬂushing, acrocyanosis
and plethora, clubbing, hypertrichosis, white nails, and scle-
rodermoid changes11; hyperpigmentation is thought to be consis-
tent with the adrenocortical hypofunction, and plethora with
erythrocytosis.
Extravascular volume overload is a general feature of POEMS
syndrome. The normal albumin level in serum can be used to
differentiate POEMS syndrome from renal or hepatic edema.
Bone lesions are a deﬁning feature of POEMS syndrome and
occur in 54% to 97% of patients.4 The percentage in this study
was somewhat smaller, but consistent with other Chinese re-
ports.13,14 Some bone lesions are densely sclerotic, and others are
lytic with a sclerotic rim or have a mixed soap-bubble appear-
ance.5,15,16 In this study, we found that 1 patient had a rare
diffuse osteosclerosis and the extent of osteosclerotic lesion was
seldom seen to our knowledge, which might be associated with the
short survival although osteosclerosis was not thought to be
prognosis-related.4 Sclerotic lesions rarely are accompanied by
bone pain and pathologic bone fractures. In sclerotic bone sites
there was no obvious increase in plasma cell counts, which are
signiﬁcantly increased in lytic bone sites of MM. PET/CT showed
normal FDG avidity in sclerotic bone lesions of patients with
POEMS syndrome, but high avidity in lytic bone lesions of pa-
tients with MM.
Thrombocytosis is common, and polycythemia might be seen.
Megakaryocyte hyperplasia and clusters in bone marrow were
another histologic characteristic of POEMS syndrome according to
the report by Dao et al.12 Our study conﬁrmed this ﬁnding. Anemia
and thrombocytopenia are not characteristic unless there is an
accompanying disease. In this report the anemia in 3 patients might
have been due to hepatic cirrhosis or renal dysfunction. According
to the literature, < 10% of patients had proteinuria > 0.5 g per 24
hours, and only 6% had an increased serum creatinine level.4,10 The
percentage was larger in the current study, which is consistent with
another report from China.3 The difference between Chinese re-
ports and Western reports was because Chinese patients did not
seek medical advice until the course of the disease entered an
advanced stage.Conclusion
Some unique clinicopathologic characteristics of POEMS syn-
drome can be used for differential diagnosis. This study provides
increased awareness of POEMS syndrome.Clinical Practice Points
 Early diagnosis of POEMS syndrome is important but difﬁcult.
 Overall recognition of complicated and unique clinical charac-
teristics can help to differentiate POEMS syndrome from other
diseases.
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